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100 R A resolved by looking at the full array of species Pl’esem '
] [ in such a quadrat and placing it in the appropriate clyg.
ter manually. For example, quadrat 45 had 309 Poly.
gonum arifolium, 30% Carex scoparia, 24% Peltandyq
virginia, 12% Typha angustifolia, and 4% Nuphar q4.
vena. This unusual mix of low and high marsh specjeg
resulted from a quadrat overlapping a levee and 5
| channel, with some dry levee species and some flood.
- ed channel species. Looking at the whole array of spe-
......... 15 species | cies present in that quadrat revealed that a tree sapling
53 species | (Fraxinus pennsylvanica) was present along with sey.

eral other flood-intolerant species in very low abup-
('ggen; dance. These facts suggested that the quadrat be placed
0 e ——— into a cluster with others representative of levees and
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% of time not exceeded was placed by the cluster analysis.

o . ) Nine plant associations were identified based on the

Figure 3. Cumulative distribution function of the maxi- cluster analysis (Figure 5). Seven associations included
mum percent cover of each species among all vegetation a single dominant species together with several low

quadrats showing an order of magnitude slope break at 35%,

above which only 15 out of 68 species were present. abundance taxa. . For examp.le, cluster 1 had Nuphar
advena comprising 88 relative percent cover and the

next closest species 4.17. Two associations showed

lesser dominance by a single species. Cluster 5 was

composed of Leersia oryzoides (37.63) and Eleocharis
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Figure 4. Hierarchical cluster diagram showing commonalities among 115 Otter Point Creek marsh quadrats based on the
observed abundance of 15 dominant species. Dash-dot pattern and shading indicate which quadrats (1-115) fall in which
clusters (1-9 as described in text).
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ambigens (14.21), with secondary species including
Impatiens capensis (9.75) and Sagittaria latifolia
(9.06). Cluster 8 had Amphicarpa bracteata (21.10)
associated with comparable abundance of Impatiens
capensis (13.80), Carex scoparia (13.80), and Acorus
calamus (10.55). Based on species dominance ob-
served in each cluster, the plant associations may be
called 1. Nuphar advena, 2. Zizania aquatica, 3. Pel-
tandra virginicia, 4. Typha angustifolia, 5. Leersia
oryzoides—Eleocharis ambigens, 6. Typha latifolia, 7
Acorus calamus, 8. Levee/shrub, and 9. Polygonum
sagirntatum.

Environmental Gradient

The relative position of plant associations along the
tidal freshwater marsh environmental gradient in OPC
was assessed by comparing cluster analysis results to
past research on tidal freshwater marshes. For exam-
ple, it is widely recognized (and easy to see in the
field) that the Nuphar advena association (cluster 1) is
the most flood-tolerant. Consequently, it was put at the
bottom of the gradient. The Zizania aquatica (cluster
2) and Peltandra virginica (cluster 3) associations are
often characterized as ‘‘low marsh’’ indicators, so
these were grouped together and placed at the next
position. Similarly, the Typha angustifolia (cluster 4)
and Leersia oryzoides—Eleocharis ambigens (cluster
5) associations were grouped and placed at the next
higher position along the gradient. The Acorus cala-
mus (cluster 7) association is less frequently flooded,
so it was put at the second highest position. Finally,
the remaining three associations were grouped at the
highest position because cluster 8 represents levees,
while clusters 6 and 9 were entirely composed of sites
from the supratidal area at the upstream end of OPC
(Figure 1).

Commonly in wetland science, names of marsh
zones are simplified from species names to gradient-
oriented terms, such as ‘‘high marsh.’’ The groupings
of plant associations along the environmental gradient
suggested that each be considered a marsh habitat and
termed appropriately. The terminology chosen here
along with the corresponding gradient position number
is given in Table 1. Even though little to no vegetation
is present in the subtidal front and intertidal pioneer
mudflats in OPC, these regions have geomorphic sig-
nificance and are included for completeness. The
above assignment of plant associations to gradient po-
sitions may seem somewhat arbitrary to those not fa-
miliar with tidal freshwater marshes, but the indepen-
dent HBW data presented below objectively test the
existence of a gradient.

Equation (1) was used to calculate the distribution
of each plant species (Table 2). Strong habitat pref-

erences were evident for most species (Figure ¢),
Twenty-seven of 58 taxa (46.6%) were restricted to |
of 5 habitats. Only 4 species (7%) Boehmerica cylin.
drica, Glyceria striata, Impatiens capensis, and Polyg.
onum arifolium had all DPDV values less than 0.5,

While some studies have reported individuals of many
species in many habitats, OPC data shows that almost
all (93%) of river-mouth tidal freshwater marsh plant
species sampled occurred primarily in a single habitat
(i.e., one DPDV > 0.5). Presence in other habitats may
occur, but when the full array of species found at
location is considered, the small abundance of a few
widespread species are outweighed by the great abun-
dance of habitat-specific species.

Equation (2) was used to calculate species’ preferred
positions along the environmental gradient at OPC
(Table 2). The 27 species without distributions (i.e.,
one DPDV = 1) were perfect indicators of their re-
spective habitats. Of the remaining 31 species, 21
(68%) had their highest DPDV in their preferred po-
sition, when the position was rounded to the nearest
whole number for comparison. The 10 species whose
preferred positions were inconsistent with their maxi-
mum DPDV had polymodal distributions. For exam-
ple, the distribution of Boehmerica cylindrica, an un-
common but widely distributed species, was 0.00-
0.00-0.30-0.00-0.19-0.05-0.46. On average, this spe-
cies indicated a habitat of 5.38, which is between
middle marsh and high marsh. While the average was
not a strong indicator of habitat in this case, it must
be remembered that the habitat index for a site is the
sum of all species’ preferred positions, with each
weighted by its observed relative abundance. Conse-
quently, the impact of a few polymodal species, es-
pecially uncommon ones, will be minimal for the ma-
jority of actual field sites. Sites dominated by poly-
modal species may not be accurately characterized by
equation (2).

Characterization of Environmental Gradient at HBW

Once underlying distributions of species’ popula-
tions among different habitats at OPC were deter-
mined, they were used along with observed species’
abundance to characterize HBW study sites (Table 3).
Out of the 23 locations surveyed in HBW, 13 were
found to be high marsh, 4 were middle marsh, 2 were
low marsh, 3 were floating leaf habitat, and 1 was a
pioneer mudfiat (Figure 2). The pioneer mudflat at sta-
tion C2 had a few stalks of Peltandra virginica colo-
nizing in the adjacent quadrat, so the relative percent
cover for that species was high even though its abso-
lute percent cover was low.

The elevations at HBW averaged —2 cm and ranged
from —27 to 25 cm. Remarkably, the 5 habitats span
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a mere 52 cm vertical range. A strong relationship be-
tween habitat index and elevation (2 = 0.83) was
found (Figure 7). Compared to their standard errors,
the terms in the polynomial model are significant
above the 99.8% confidence level. The strong corre-
Jation and high significances of model parameters val-
idate the environmental gradient algorithm.

Because sedimentation occurred in seasonal cycles
that coincided with the seasonal cycle of plant growth,
sedimentation should only relate to the habitat index
characterizing plant associations when plants were pre-
sent, which was during summer. Summer-average
(June—September) HBW sedimentation rates ranged
from 0.01 to 22.5 g cm~2 yr~! (Figure 8). Divided by
the bulk density of surface sediment at each site, these
quantities yield vertical accretion rates of 0.15-23.8
cm yr~!, which are high for emergent marshes, al-
though these data exclude erosional winter periods that
lower the long-term average.

Sedimentation from July through November 1995
was plotted as a function of station habitat index to
see if the habitat index alone revealed important sed-
iment dynamics. A strong exponential decay was ev-
ident (Figure 9a). Lower rates of sedimentation in the
high marsh than in the low marsh have been observed
elsewhere, but the degree to which the species-based
habitat index can predict the gradient in sedimentation
over a wide range of habitats shows the close rela-
tionship between sediment dynamics and species abun-
dance.

Stepwise multiple regression showed which vari-
ables controlled the spatial distribution of summer-av-
erage sedimentation rates. Elevation (m), distance to
tidal inlet (m), habitat index, distance to the HaHa
Branch stream (m), and distance to nearest tidal chan-
nel (m) were included as independent variables. Be-
cause elevation explains 83% of the variability in hab-
itat index, statistical redundancy between these vari-
ables was checked. The logarithm of summer-average
sedimentation rate was used as the dependent variable,
as the data span 3—4 orders of magnitude. Of the in-
dependent variables, elevation, habitat index, and inlet
distance were statistically significant above the 99%
confidence level (Table 4). Sedimentation rate was
found to decrease with increasing elevation, habitat in-
dex, and inlet distance (Figure 10a). These variables
explained 92% of the spatial variability in summer
sedimentation, with nearly equal roles for topography
and plant association (Table 4). Hydraulics and sedi-
ment transport, as indicated by distance from tidal in-
let, played a lesser role. The three statistical tests de-
scribed in the methods showed the multivariate rela-
tionship to be statistically significant and in accordance
with the key assumptions of the analysis methodology
(Table 5).

Identical analyses were performed for bulk density,
summer-average organic content, and parameters of
grain-size distributions. Spatial variations in bulk den-
sity were random. For the logarithm of summer-aver-
age organic content, elevation and distance to tidal in-
let were statistically significant (p < 0.01), while hab-
itat index (p = 0.073) was not significant (Table 4).
Organic content increased with elevation and distance
from tidal inlet (Figure 10b). These two explained
90% of the spatial variability, with elevation account-
ing for the majority (Table 4). Again, statistical tests
indicate that the analysis is statistically significant and
in accordance with key assumptions. The residual for
site B7 was greater than 2 standard deviations from
the expected value, so the conditions at that site will
be discussed further below.

Two grain-size parameters were studied to assess
transport processes. Percent clay was selected to in-
dicate extremes in energy conditions; a low % clay
indicated a high energy regime capable of transporting
sand, while a high % clay indicated a low energy re-
gime. Percent silt was analyzed to capture the influ-
ence of moderate energy events related to wind-en-
hanced high tides. Tables 4 and 5 summarize the re-
sults. Only one variable, distance to HaHa Branch
stream, controlled the variation in clay (Figure 10c).
Meanwhile, % silt decreased with increasing distance
to HaHa Branch and habitat index; it increased with
inlet distance (Figure 10d). These results indicate that
the primary source of sand for the marsh is the adja-
cent stream, and some of that sand may be redistrib-
uted around the front of the system to the tidal inlet
leading to the marsh interior. Interestingly, the main
stand of Phragmites australis occurred where there
was the second lowest % clay (21.03%) and second
highest % sand (40%). Residuals were within 2 stan-
dard deviations of expected values, except those for
sites C2 and D3. C2 received less clay and more sand
than expected from its distance to HaHa Branch. C2
was the pioneer mudfiat site, and it received sand that
was tidally transported around the front of the system.
The source of that sand was most likely sand splay
deposits where HaHa Branch makes a 90-degree turn
to the east. D3 was relatively close to the stream, but
it was a high marsh site protected behind the stream’s
natural levee, so it only received tidally transported
fine sediment. Because sand availability is governed
by the relative magnitude of streamflow from the
HaHa Branch basin, sand distribution is independent
of in situ marsh biogeomorphology. Meanwhile, silt is
readily available and transportable, so its distribution
is affected by local hydraulic processes and biotic fac-
tors.
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Table 2. Tidal freshwater plant species’ population distributions among habitats. The mean of a distribution is the species’ Pfefened )

position. :
Discrete Probability Density Values Species
Preferred
Species (Latin Name) FL® LM MM* HM: SM* Position

Acnida cannabina L. 0.00 0.78 0.22 0.00 0.00 4.22
Acorus calamus L. 0.00 0.09 0.01 0.76 0.14 5.95
Amphicarpa bracteata L. 0.00 0.00 0.00 0.02 0.98 6.98
Asclepias incarnata L. 0.00 0.00 0.68 032 0.00 532
Aster simplex Willd. 0.00 0.00 0.00 1.00 0.00 6.00
Bidens laevis L. 0.00 0.74 0.04 0.00 0.21 4.69
Boehmeria cylindrica L. 0.30 0.00 0.19 0.05 0.46 5.38
Carex comosa Boott 0.00 0.00 0.84 0.16 0.00 5.16
Carex lurida Wahlenb. 0.00 0.00 0.33 0.00 0.67 6.35
Carex scoparia Schkuhr 0.00 0.00 0.01 0.00 0.99 6.98
Cuscuta gronovii Willd. 0.00 0.21 0.00 0.16 0.62 6.19
Cyperus strigosus L. 0.00 0.00 0.00 0.35 0.65 6.65
Eleocharis ambigens Fern. 0.00 0.00 1.00 0.00 0.00 5.00
Eupatorium perfoliatum L. 0.00 0.00 0.00 1.00 0.00 6.00
Fraxinus pennsylvanica Marsh. 0.00 0.00 0.00 0.00 1.00 7.00
Galium palustre L. 0.00 0.00 1.00 0.00 0.00 -5.00
Geum canadense Jacq. 0.00 0.00 0.00 0.00 1.00 7.00
Glyceria striata Lam. 0.31 0.00 0.00 0.29 0.40 548
Helenium autumnale L. 0.00 0.00 0.00 1.00 0.00 6.00
Impatiens capensis Meerb. 0.11 0.00 0.35 0.14 0.40 573
Ipomoea sp. L. 0.00 0.00 0.00 1.00 0.00 6.00

Iris cf pseudacorus L. 0.00 0.00 1.00 0.00 0.00 5.00
Juncus effusus L. 0.00 0.00 0.00 0.00 1.00 7.00
Labiatae sp. L. 0.00 0.00 0.00 1.00 0.00 6.00
Leersia oryzoides Willd. 0.00 0.02 0.92 0.00 0.06 5.10
Lonicera japonica Thunb. 0.00 0.00 0.00 0.00 1.00 7.00
Lycopus cf uniflorus Michx. 0.00 0.00 0.00 1.00 0.00 6.00
Lysimachia nummularia L. 0.18 0.00 0.00 0.18 0.64 6.09
Mikania scandens L. 0.04 0.00 0.52 0.04 0.40 5.75
Microstegium vimineum Trin. 0.00 0.00 0.00 0.00 1.00 7.00
Myriophyllum spicatum L. 0.00 1.00 0.00 0.00 0.00 4.00
Nuphar advena Ait. 0.97 0.02 0.00 0.00 0.00 3.03
Onoclea sensibilis L. 0.00 0.00 0.00 0.32 0.68 6.68
Panicum sp. L. 0.00 0.00 0.00 0.00 1.00 7.00
Parthenocissus quinquefolia L. 0.00 0.00 0.00 0.00 1.00 7.00
Peltandra viginica L. 0.00 0.82 0.06 0.09 0.03 433
Phragmites autralis Trin. 0.00 0.00 0.00 0.00 1.00 7.00
Poa trivialis L. 0.13 0.00 0.00 0.28 0.59 6.21
Polygonum arifolium L. 0.04 0.17 0.32 0.25 0.22 544
Polygonum hydropiperoides Michx. 0.00 0.00 0.00 1.00 0.00 6.00
Polygonum perfoliatum L. 0.00 0.00 1.00 0.00 0.00 5.00
Polygonum punctatum Ell. 0.00 0.26 0.04 0.00 0.70 6.13
Polygonum sagittatum L. 0.00 0.01 0.01 0.08 0.90 6.87
Pontederia cordata L. 0.00 1.00 0.00 0.00 0.00 4.00
Rhus radicans L. 0.00 0.00 0.53 047 0.00 547
Rosa sp. L. 0.00 0.00 0.00 0.00 " 1.00 7.00
Sagintaria latifolia Willd. 0.00 0.11 0.73 0.00 0.16 522
Sambucus canadensis L. 0.00 0.00 0.00 1.00 0.00 6.00 -
Saururus cernuus L. 0.00 0.00 0.00 0.00 1.00 700
Scirpus cyperinus L. 0.00 0.00 0.40 0.60 0.00 5.60
Scirpus validus Vahl. 0.00 0.00 0.98 0.02 0.00 502 .
Solidago sp. L. 0.00 0.00 0.00 1.00 0.00 6.00____‘-
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Table 2. Continued.

Discrete Probability Density Values Species

Preferred

Species (Latin Name) FL* LM MM HM* SM: Position
Sparganium americanum Nutt. 0.00 0.00 1.00 0.00 0.00 5.00
Tvpha angustifolia L. 0.02 0.16 0.78 0.03 0.02 4385
Tvpha latifolia L. 0.00 0.00 0.06 0.00 0.94 6.88
Urtica dioica L. 0.00 ) 0.00 0.00 0.00 1.00 7.00
Vernonia novaboracensis L. 0.00 0.00 0.00 0.59 041 641
Zizania aquatica L. 0.00 1.00 0.00 0.00 0.00 4.00

+FL = floating leaf, LM = low marsh, MM = middle marsh, HM = high marsh, SM = shrub marsh,

Biogeomorphic Feedbacks

Because HBW has an uneven distribution of habi-
tats, Figure 9a is preferentially influenced by the few
points from the pioneer mudfiat and floating leaf hab-
itats. Nevertheless, the habitat index shows important
biogeomorphic feedback processes that are not evident
when deposition is plotted against elevation. For ex-
ample, the vicinity of site A6 was disturbed by beaver
activity in autumn 1995. The activity consisted of
plant uprooting, surface mixing, and channel mainte-
nance. According to Figure 9a, the resulting decrease
in elevation, increase in flooding depth and duration,
and increase in sediment accumulation should cause a
switch from middle to low marsh. In late spring 1996,
such a transformation was evident in the high percent
cover of Peltandra virginica and Orontium aquaticum.

Another interesting habitat dynamic was illustrated
by site B7. B7 received four to seven times less sed-
iment than expected from its habitat index and eleva-
tion. B7 is far from the beaver channel network that
directs flow inland beyond station A6 (Figure 2). It
may be that, by the time flood waters reach B7, all but
the finest suspended sediments have already settled
out, leaving the site incapable of accreting under nor-
mal conditions. Thus, B7 has physically stabilized to
the point where species interactions should be the driv-
ing mechanism for succession in that vicinity.

To test the robustness of the statistical relationships,
random data were generated and put through the hab-

itat index algorithm. Number of species (0-10), spe-
cies composition (1-36), and species abundance (0-
100) were chosen using uniform distributions. Sedi-
mentation rates were randomly generated from a log
normal distribution (p = —0.495, o = 0.826). Distri-
bution parameters were obtained from the real data
sets. No trend was evident for the random data (Figure
9b). Furthermore, the random assignment of species
was incapable of generating floating leaf habitats be-
cause the probability was only 0.0028. The random
data test demonstrates that plant distributions at HBW
were not governed by stochastic processes, and the
observed relationships were not an artifact of the hab-
itat index algorithm itself.

DISCUSSION

Tidal freshwater marsh plant associations at OPC
show a distinct zonation. This zonation stems partly
from the high abundance of rhizomatous plant species.
Nuphar advena and Peltandra virginica are dominant
perennials in lower elevation habitats, while Typha an-
gustifolia, Typha latifolia, Acorus calamus, and Leer-
sia oryzoides are dominant perennials at higher ele-
vations. All of these species are known to occur widely
in Atlantic coast tidal freshwater marshes (Simpson et
al. 1983). Meanwhile, dominant annual species include
Zizania aquatica, Eleocharis ambigens, and Polygo-
num sagittatum, with Impatiens capensis and Polygo-

Nuphar Zizania Peltandra JIypha Eleocharis Leersia Polygonum Acorus Polygonum Carex
anqustifoliaambigens oryzoides

advena aguatica virginica

arifolium calamus sagiftatum scoparia

Habitat

Shrub/levee
High marsh
Middle marshl
Low marsh
Floating leaf ,

-

al 14 PRI PO PR P -

0 05 1 05 0.5
Relative frequency

0.5 0.5 0.5 0.5 0.5 0.5

Figure 6. Habitat distributions of some key tidal freshwater marsh species at OPC.
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Table 3. Relative percent cover and station habitat index for the 1995 vegetation survey at HaHa Branch Wetland.

Relative Percent Cover at Each Station
Species A0 Al A2 A3 A4 AS A6 A7 A8 Bl B2 B3

Acorus calamus 76.04 61.01 71.32 79.65 67.11 36.63 2857 3220 3195
Bidens laevis 190 0.34
Boehmeria cylindrica 3.76
Carex A 1.36
Cuscuta gronovii 2747
Eleocharis ambigens 11.28
Galium palustre - 1.88
Impatiens capensis 22.81 3.36 1.13
Juncus effusus 10.17
Leersia oryzoides 048 3220 319 206
Microstegium vimineum 37.59
Mikania scandens 1.69
Nuphar advena 97.94
Orontium aquaticum L. 10.07 4.76
Panicum sp. 3.76
Peltandra virginica 943 441 088 671 1.83 2619 1695 564 100 95.74
Phragmites australis 17.70
Polygonum arifolium 10,69 809 177 6.71 3407 3810 508 3.01
Typha angustifolia 1.15 18.87 16.18 6.04
Unknown C 1.06

HABITAT INDEX: 589 554 566 6.12 554 581 521 549 6.13 433 434 307

HABITAT TYPE: 6 6 6 6 6 6 5 5 6 4 4 3

Relative Percent Cover at Each Station
Species B4 BS B6 B7 C1 C2 Cc3 C4 D1 D2 D3

Acnida cannabina 1.29
Acorus calamus 61.22 4726 3247 9.05 6129 33.56 50
Bidens laevis 1.00
Boehmeria cylindrica 5.19 16.78
Carex A 0.90
Cicuta maculata L. 0.87
Cuscuta gronovii 1.36
Galium palustre 498 130
Helenium autumnale 3.98
Impatiens capensis 2262 968 28.52
Juncus effusus 427
Leersia oryzoides 17.01 24.88 44.34
Microstegium vimineum 34.63
Nuphar advena 85.47 94.83
Orontium aquaticum 0.87
Peltandra viginica 855 17.01 746 952 13.04 9302 517 679 14.84 1.01
Phragmites australis 3.40
Polygonum arifolium 1.71 136 547 260 12.67 336 50
Polygonum sagittarum 149 173 1290 16.78
Pontenderia cordata 0.50
Sagittaria latifolia 0.90
Scirpus cyperinus 249
Typha angustifolia 8696 6.98 0.45
Unknown A 1.00
Unknown B 10.82

HABITAT INDEX: 335 556 555 623 478 200 310 533 578 591 570

HABITAT TYPE: 3 6 6 6 5 2 3 5 6 6 6
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Figure 9. Relationship between plant association and July
through November 1995 sedimentation for a) real data from
HBW and b) randomly generated data.

Vegetation data from a series of Chesapeake Bay
tidal freshwater marshes distributed along the axis of
the estuary show a similar community structure as
OPC. At Jug Bay Wetland in the Upper Patuxent Riv-
er, Maryland, Nuphar advena, Peltandra virginica, Zi-
zania aquatica, and Pontederia cordata dominate the
lower elevation habitats, while Typha angustifolia and
Typha latifolia dominate the high marsh (Khan and
Brush 1994). At Sweet Hall Marsh in Pamunkey Riv-
er, Virginia, Peltandra virginica and Leersia oryzoides
have the highest biomass (Doumlele 1981).

In contrast to those of Chesapeake Bay, tidal fresh-
water marshes of the Delaware River have more an-
nual species occurring in higher relative percentages
that vary from year to year (Leck and Simpson 1987,
Leck and Simpson 1994). Species such as Bidens lae-
vis, Ambrosia trifida, and Zizania aquatica occur in
significantly higher abundances along the Delaware
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Table 4. Fraction of the explainable variability in each dependent variable that is attributed to each independent variable. P-valye in '

parenthesis.

Dependent Variable

Independent Variable Sedimentation Rate

Organic Content

Percent Clay Percent Silt

Elevation 0.43 (0.001) 0.71 (0.0001)

Habitat index 0.37 (0.004) 0.35 (0.008)

Distance from tidal inlet 0.20 (0.007) 0.29 (0.007) 0.26 (0.040)

Distance to nearest tidal channel

Distance to HaHa Branch stream 1.0 (0.0001) 0.39 (0.002)
Total variability explained 92% 90% 69% 54%

River. However, the dominant perennials observed at
Otter Point Creek are present and important vegetation
components in the Delaware marshes. For example, at
Hamilton Marsh, Acorus calamus and Peltandra vir-
ginica occur with frequencies of 59 and 76, respec-
tively (Leck and Simpson 1995). Given the similarities
among tidal freshwater marshes throughout Chesa-
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peake Bay and along the Delaware River, the habitat
index derived by combining plant species distributions
and abundance in a simple algorithm to characterize
the plant association at any location within a marsh
would be very useful for fine scale comparative studies
in any of these systems. Application to the Delaware
River system in particular could help to further elu-
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Figure 10. Predicted versus observed plots with one-to-one lines for reference are shown for a) Log(summer-average sedi-
mentation), b) Log(organic content), c) percent clay, and d) percent silt. No regression lines are shown, but their equations

are given.
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Table 5. Values for statistical parameters that test the outcome of the multiple regression for each dependent variable.

e m—

Dependent Variable

Statistical Parameter Sedimentation Rate Organic Content Percent Clay Percent Silt
F test of correlation p <001 p <001 p <001 p < 0.01
Durbin-Watson serial 1 0.04 0.23 0.01 0.03
# of residuals > 2 st.dev 0 1 2 0

cidate marsh ecology there including the relative roles
of perennials and annuals.

The habitat index was directly related to elevation
and is less costly to obtain in the field than traditional
topographic surveying. As a result, it could serve as a
tool for preliminary wetland assessment. Multivariate
analyses showed that when the habitat index was com-
bined with geomorphic variables, it was highly pre-
dictive of the spatial distribution of substrate charac-
teristics, except bulk density, which was randomly dis-
tributed in this system. Further application of the hab-
itat index might reveal such abiotic-biotic relations
where good monitoring data exist, such as for Sweet
Hall Marsh and the Delaware marshes.

The habitat index was also useful for predicting the
consequences of disturbance, such as animal activity,
on the composition of plant species. Beavers (Casror
canadensis Kuhl) and muskrats (Ondatra zibethicus
L.) are the primary wildlife observed to affect marsh
zonation at OPC, whereas nutria (Myocastor coypus
Molina) dominate other systems. Unlike nutria, the an-
imals at OPC do not cause widespread damage to the
plants. Animal activities were observed to be impor-
tant at the local scale, but it is not yet clear what role
the localized changes play in overall wetland evolu-
tion. A comparison of data from sites with and without
animal activity is underway at this time.

Beyond the habitat index, this study shows how
geomorphology relates to habitat conditions. As ex-
pected, elevation was the most important physical var-
iable impacting summer-average sedimentation and or-
ganic content, but it was not the only variable. Both
plant association and distance from the tidal inlet were
significant factors, and these have not been accounted
for in wetland creation/restoration efforts. Also, the
further away a site was from the HaHa Branch stream,
the less sand was present. Sand is an important sub-
strate constituent for some species. For example, the
main stand of Phragmites australis in the marsh occurs
on a sand deposit fed by seasonal overbank flooding
of the stream. The only other stand is much smaller
and occurs where a ditch carries polluted storm water
(and sand) into the marsh from the adjacent street.
Thus, stream-marsh interactions impact the evolution
of marsh conditions.

Another notable finding was the lack of significance

of distance from nearest channel within the marsh.
Stoddart et al. (1989) reported that the major creek and
third-order tributaries in a salt marsh strongly influ-
enced sedimentation, while first- and second-order
creeks did not. The entire channel network in HBW
was created and is maintained by animals. These chan-
nels are ~30 X 30 cm in cross-section and are too
small to form levees or impact the distribution of sed-
iment. The observed role of animals in building and
maintaining channels casts doubt on efforts by theo-
retical hydrologists to relate the hydraulic geometry of
marsh channels to flow measurements such as tidal
prism or bankfull discharge where wildlife is present.

Finally, the structure of a tidal freshwater marsh re-
sults from a dynamic interdependence among abiotic
and biotic processes. Elevation is not an a priori con-
stant but rather a variable that changes through time
as a function of sedimentation, which is in turn a func-
tion of plant association, distance to tidal inlet, dis-
tance to stream, elevation, and animal activity. At
HBW, elevation only spans a 52-cm range, while sed-
imentation rate varies over 2.5 orders of magnitude.
During the growing season, species composition at a
location depends on elevation, which is the result of
past deposition. During summer and autumn, the re-
sulting plant association controls sedimentation, which
changes elevation. Disturbing one of these conditions
causes a cascade of changes to the others. These
changes feed back into the initial condition to which
the disturbance was applied, as predicted by modern
geomorphic theory. Consequently, efforts to create
marshes with predictable plant associations and wild-
life habitats cannot rely solely on constructing an ele-
vational gradient.
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